The number of physics bachelor's degrees that are awarded in the United States annually is small compared to most other science, technology, engineering, and mathematics fields, and only about one-fifth of these degrees are awarded to women. Understanding the influence of students' science and engineering experiences on career choices is critical in order to improve future efforts to increase the number of physics majors and the participation of women. In this work, we use a physics identity framework to examine the impact of out-of-class science and engineering activities on three identity dimensions and the relationship between these dimensions and physics career choice. Through structural equation modeling of survey data from 5541 college students, we find that out-of-class science and engineering activities have the largest influence on physics performance/competence beliefs, but the association of performance/competence beliefs to overall physics identity and physics career choice is primarily mediated through recognition beliefs and physics interests. Furthermore, out-of-class science and engineering activities have a larger effect on recognition beliefs for men than for women, which is a challenging finding in light of the fact that recognition beliefs are the most influential identity dimension for women. The results of this work begin to highlight the need for out-of-class science and engineering activities that focus on not only enhancing students' performance/competence beliefs but also students' interests, particularly those students not previously interested, and women's recognition beliefs with respect to physics.
I. INTRODUCTION
In order to remain both innovative and competitive, the United States requires more science, technology, engineering, and mathematics (STEM) degree holders [1] . Supporting physics education is an important component of this effort, as physicists have led the development of many new technologies that have impacted modern society, such as lasers and liquid crystal displays (LCDs) [2, 3] . Encouragingly, the number of physics bachelor's degrees earned nationwide has recently reached an alltime high of over 8000 [4] . However, this remains a small fraction of all STEM degrees awarded, as a majority of STEM degrees are in the areas of engineering and biological sciences [5] . Furthermore, the representation of women in physics remains consistently low, with the percentage of physics bachelor's degrees earned by women stagnating at approximately 20% for more than a decade [6] . If women do not pursue physics at a greater rate, the community will continue to lose out on a substantial part of the talent pool. All genders should have equal opportunity and support in pursuing physics. As a step to addressing these problems, students' experiences with physics and the impact on their career decisions should be critically examined. This includes both in-class and out-of-class experiences that students have before making their college and career decisions. These experiences may impact young women and men differently as the cultural and social context of these experiences may convey different messages and support young women differently than men. In prior work, we examined the effects of in-class high school physics experiences on students' physics identities and career choices [7] [8] [9] [10] , and, in this paper, we examine the impact of out-of-class science and engineering (OCSE) activities, with attention to possible differential impacts on women. OCSE activities are a specific subset of out-of-school time (OST) activities. We use a physics identity framework to understand how students make their career decisions and, using this framework, examine the impact of OCSE activities on students' physics career intentions.
II. BACKGROUND
Students spend the majority of their lives outside of class, so understanding the impact of OCSE activities on physics identity and career choice may lead to significantly greater insight. OCSE activities occur in various informal learning environments. These environments include programmed settings, everyday experiences, and designed settings [11] . Programmed settings include summer camps and after school programs; everyday experiences include reading about science or engaging in science-related hobbies; while designed settings include museums and zoos [11] . In this paper, we focus on programmed settings and everyday experiences.
The impacts of programmed settings on students' attitudes towards science have been studied more frequently than those of everyday experiences. These include science fairs, clubs, and summer programs and camps. Science fair experiences have been found to have positive impacts on STEM career interests [12] , and students have reported that science fairs are fun and provide opportunities to learn new things [13, 14] . Participation in STEM clubs has been associated with STEM career interests [12, 15] . Furthermore, summer programs and camps for middle school and high school students have been found to result in increased motivation, confidence, and attitudes towards science and science careers [16, 17] .
While a number of positive outcomes have been documented, the nature of STEM programs needs to be examined to understand the effects on students' experiences and perceptions. One case study of a student showed how participating in a science fair and a robotics tournament contributed to the student's disciplinary identity development in physics by increasing their agency in physics [18] . This student's teacher supported and encouraged him giving him full ownership of his project and recognizing him as an expert in the classroom. However, if students are required to participate in science fairs and are not provided adequate support, they may not have positive experiences with science and may perceive science negatively. This is often the case as science fair participation is most often nonvoluntary, and teachers typically provide minimal support to students in their investigations [19] . The support and encouragement students receive in noncompetitive environments also impacts outcomes. In one university program, high school students were hired as researchers to assist in improving science education in urban schools. Three of these student researchers were found to build science identity when they were empowered to use rap to explain science [20] . They were encouraged to bring other areas of their lives in which they were experts into the world of science. Thus, OCSE activities in programmed settings may provide opportunities for physics identity development when activities promote student agency, i.e., students acting in their own world in intentional, self-driven ways. Therefore, activities such as participating in STEM clubs, summer programs, and camps may play an important role in encouraging students to pursue science careers.
The effectiveness of OCSE activities in programmed settings for increasing the representation of women in STEM needs to be explored further. In prior work, boys and girls were found to participate in OCSE activities (such as STEM clubs and competitions) at approximately the same rate, and both boys and girls were reported to have similar increases in STEM career interests from these activities [15] . However, in the specific case of science fairs, young men ranked "competing against others" as a more valuable outcome than young women, while young women ranked "being on a team" as a more valuable outcome than young men [13] . Thus, science fairs may benefit all genders, but the specific impacts on young women and men's attitudes and career choices may differ. Furthermore, Simpkins et al. hypothesize that while young men and women participate in these activities at similar rates overall, more young men participate in physical science-related activities while more young women participate in life science-related activities [21] . The distinction between effects on career interests in different fields of STEM thus needs to be examined. If Simpkins et al. are correct, women may experience more positive impacts on biology career interest, and men may experience more positive impacts on physical science career interest.
Compared to programmed settings, the effect of everyday science activities has been studied to a lesser extent. Several of these activities have been shown to relate to positive outcomes. For example, reading or watching either science fiction or nonfiction science has been found to predict STEM career choice [15] , while reading science books and other activities such as collecting rocks or insects predict self-concept, interest, and the perceived importance of math and science [21] . These factors in turn predict students taking more science classes at the high school level [21] . Unlike in programmed settings where men and women have been reported to participate equally, engagement in everyday science activities varies by gender. Men report reading or watching science fiction or nonfiction science to a greater extent than women do [15] . Furthermore, even among professional scientists, men have reported participating in more self-initiated science activities than women have [22] . For activities taking place at home, the influence of parents becomes especially important. Parents have been found to give boys more detailed explanations of science than girls [11] . Hence, while everyday science activities relate to STEM careers, men and women experience them in different amounts and likely also experience them differently.
Despite having evidence for the positive effects of both structured and unstructured informal learning environments on STEM career related outcomes in general, little work has been done to study the specific effects on physics identity or physics career choice. Since physics accounts for only a small percentage of STEM graduates, the connection between OCSE activities and physics identity and the potential impact on the underrepresentation of women needs to be examined.
III. THEORETICAL FRAMEWORK
We draw on the physics identity framework used by Hazari et al. [7] , which builds on the framework developed by Carlone and Johnson [23] . Carlone and Johnson's science identity framework for practicing scientists consists of three dimensions: recognition beliefs, performance (of scientific practices), and competence (knowledge and understanding of science content) [23] . Hazari et al. adapted this framework when defining physics identity for students by focusing on more internalized versions of Carlone and Johnson's dimensions and adding the dimension of interest [7] . In Carlone and Johnson's framework, the dimensions fully constitute science identity and juxtapose performances (actions demonstrating competence) and beliefs (feelings of recognition by self and others). In Hazari et al.'s framework, the four dimensions shape physics identity, where identity is an internal construct based on how individuals see themselves, which is fundamentally shaped by society and culture. This is in contrast to the former in which identity is constantly negotiated between the individual and society and culture. We use physics identity as defined by Hazari et al. because this framework allows for clearer modeling of possible influences on identity and the influence of physics identity on career outcomes [7] . Hence, while Carlone and Johnson included self-recognition within recognition beliefs [23] , Hazari et al. defined recognition beliefs as only beliefs about recognition by others, and used self-recognition as an overall indicator of physics identity that is shaped by the identity dimensions [7] . Overall, we define physics identity as the extent to which students believe themselves to be a "physics person," while recognition beliefs can be described as the extent to which a student perceives that parents, teachers, and peers see them as a physics person. Performance beliefs are a student's beliefs in their ability to perform physics-related tasks (as opposed to their actual performances or actions), while competence beliefs are a student's beliefs in their ability to understand physics (rather than their ontological competence). Finally, interest represents a student's desire to learn more about physics. Performance/competence beliefs have been found to be quantitatively indistinguishable for students at the end of high school and the beginning of college [7, 9, 24] .
Although the meanings of interest and performance/ competence are relatively straightforward, the meaning of being a physics person varies between individuals as do the actions that can cause individuals to perceive others as seeing them as a physics person [25] . According to a case study of high school physics classrooms, forms of recognition have been found to include setting high expectations and giving challenging assignments while at the same time providing students with the necessary support to meet those expectations and challenges [25] . Another form of recognition has been found to create a classroom environment that provides opportunities for students to take on leadership roles and demonstrate their expertise [10, 25] . Finally, teachers demonstrating to students that they care and that they are willing to invest time in their students is a way of showing that they believe that their students can do difficult work [25] .
Science identity has been used to understand the career trajectories of professional scientists [23] , and physics identity has been found to predict physics career choice for college students [7] . This framework extends to other disciplines as well. Physics identity and math identity also predict engineering career choice for college students [8] . Furthermore, drawing on data from a similar population, previous work in mathematics identity developed a model demonstrating that recognition beliefs, interest, and performance/competence beliefs are related to but distinct from the overall indicator of identity [26] . We seek to establish the relationship between the three dimensions of physics identity and overall physics identity for a general population of college students. We hypothesize that the relationships for physics identity will be the same as those for mathematics identity for this population of students. However, in this work we extend the model to also include the connection between overall physics identity and physics career choice as found in prior work [7] . We note that discipline-based identities are only parts of students' broader personal and social identities [27] .
In previous work, we found that men were more likely to have stronger physics identities than women and that recognition beliefs have a larger effect on women's identities and career intentions than on men's [9] . In this work, we examine the relationships between these dimensions and students' overall physics identity (considering potential distinctions in these relationships for women) and, going further than in previous work, we examine the effect of OCSE activities on each of the physics identity dimensions and, in turn, on physics career choice. Our analytic approach is structural equation modeling.
IV. METHODS

A. Data source
The data used in this work are drawn from the Sustainability and Gender in Engineering (SaGE) project. The SaGE survey was distributed to a nationally representative, stratified, random sample of 50 colleges and universities during Fall 2011 [28] . The institutional response rate was 100%; that is, all 50 recruited institutions returned completed surveys. In total, 6772 students completed surveys representing at least a 40% response rate, as measured by the number of surveys returned against the number that were mailed to each institution (the latter was intentionally estimated high, so 40% represents a lower bound on the actual response rate). The 47 multi-item questions appearing on the survey focused on several areas including students' career intentions, high school math and science experiences, OCSE activities, sustainability beliefs, and demographics. Many items were adapted from previous surveys, including the Persistence Research in Science and Engineering (PRiSE) project [7] . Focus groups and pilot testing with first-year engineering students at two four-year universities were used to establish face and content validity. To establish reliability (stability of survey items), a test-retest study was conducted with 62 college students. Analysis of the items appearing in this paper showed acceptable stability: for the 18 items used in this paper, the average test-retest correlation was 0.739, with all items falling in the range (0.515, 0.857). The final survey was administered in regular-stream, introductory English courses so that a broad cross section of students representing a wide spectrum of interests in STEM could complete the survey.
The current paper focuses on items about OCSE activities, physics identity, and physics career intentions. These items and their descriptive statistics are shown in Tables I-III , respectively, along with the statistical significance of the differences between males and females calculated using Wilcoxon rank sum tests. The out-of-class science activities items responses are "Never in my life," "1-2 times," "3-4 times," "5-6 times," and "More than 6 times in my life." For the calculation of descriptive statistics shown in Table I , the OCSE activities items were left as ordinal values with 0 corresponding to never in my life and 4 corresponding to more than 6 times in my life. These responses were converted to have units of number of times for the confirmatory factor analysis (CFA) and structural equation model (SEM) with 1-2 times set to 1.5, 3-4 times set to 3.5, and so on. However, the type of variable these items were treated as did not affect the results of the SEM. We present the results with the linearized variables because they are easier to interpret. The physics identity items asked students to respond on a scale of "0-Strongly Disagree" to "4-Strongly Agree."
The item "I see myself as a [physics] person" was used as an overall indicator of physics identity, similar to other work [8] . Finally, the physics career intentions item asked students to "Please rate the current likelihood of your choosing a career in [physics]" on an anchored scale of "0-Not at all Likely" to "4-Extremely Likely." Participants indicated gender by responding to the question, "What is your gender?" The options were "Female" and "Male."
To determine the relationship between participating in OCSE activities, physics identity dimensions, the overall indicator of physics identity, and physics career choice, we first conducted a confirmatory factor analysis of the physics identity items and the OCSE factor. We then built and tested a structural equation model. To assess for gender differences, we performed a multigroup analysis, thus determining if there were significant differences in the paths of the model for females and for males.
B. Measurement model
All analysis was conducted in R version 3.1.0 using the lavaan package [29, 30] . Exploratory factor analysis was previously conducted on the physics identity items on the SaGE survey, showing that the 10 physics identity items form three factors: interest, performance/competence beliefs, and recognition beliefs [9, 24] . This is consistent with the findings from the earlier PRiSE survey [7] . As the primary goal of the current analysis is determining the impact of OCSE activities on physics identity, an OCSE activity factor was also created by combining individual responses, to provide an index of students' level of experience with these activities. We then performed a confirmatory factor analysis (CFA) that included the three identity dimensions and OCSE activities. Factor analysis establishes whether indicator variables measure latent (underlying) variables. We used the full information maximum likelihood (FIML) method to handle missing data [31] .
In order to assess the model fit, we computed the comparative fit index (CFI), the Tucker-Lewis index (TLI), also known as the non-normed fit index (NNFI), and the root mean square of approximation (RMSEA) [32] . We use these fit indices rather than a chi-squared test because the latter does not give meaningful results when dealing with large samples [33] . The other fit indices scale well for large samples. Additionally, reporting on multiple fit indices is more robust than choosing a single one to compute [31] . We assessed each of the factors by calculating the construct reliability and the average variance extracted (AVE) [31, 34] . Construct reliability represents whether the items are consistent with each other in measuring the intended latent variable, while AVE represents how much of the variance in the items can be explained with the latent variable. We assessed discriminant validity by comparing the AVE for all factors overall to the covariance between factors [31] . Discriminant validity must be assessed to determine if the factors are distinct.
C. Structural equation model
SEM is a useful tool for understanding the relationships between factors, combining CFA and multiple regression [31] . A schematic of our SEM is shown in Fig. 1 . This model mimics the previously found relationships between mathematics identity dimensions and overall mathematics identity for college students [26] but adds the relationship between identity and career choice and also the influence of OCSE activities on each physics identity dimension [7] . We sought to determine to what extent each identity dimension was predicted by OCSE activities. Furthermore, similar to the mathematics identity model, the effect of performance/competence beliefs on physics identity is mediated by recognition beliefs and interest. As with the CFA, missing data was accounted for using the FIML method [31] . The model was tested for all students using a multigroup analysis to determine whether there are statistical differences between the models for males and females. To perform the multigroup analysis, we used model invariance tests [32] . In the baseline model, the path estimates for the male and female models were allowed to vary freely. Then, we restricted the factor loadings to be equal in the two models. Examination of the modification indices for each loading revealed whether there was a significant difference between the models for males and for females. Modification indices greater than 3.841 indicate a significant chi-squared difference with the model when the path estimate is allowed to vary freely. If factor loadings are different, this indicates that the factor is defined somewhat differently for the two groups. We then repeated this process constraining both the factor loadings and regression paths to be equal to determine which regression paths differed between models. In the final model, all factor loadings are constrained to be equal for males and females, but only regression paths that were found to have nonstatistically significant differences were constrained to be equal. This method ensures that the factors have a consistent definition across models for the two groups, and interpretation focuses on the differences in relationships between factors rather than on differences in what the factors mean. Model fit was assessed with the CFI, TLI, and the RMSEA, similarly to the CFA [32] . We also calculated the chi-squared for each group though this was not expected to be meaningful given the large sample size [33] .
V. RESULTS
A. Measurement model
The results of the CFA are shown in Table IV . The chisquared was 2423 and was significant. However, as mentioned, this is to be expected for a large sample size [33] . The CFI was 0.96, and the TLI (NNFI) was 0.95. A good fit is indicated by a CFI or TLI ≥ 0.95 [32] . The RMSEA was 0.06. A good fit is indicated by an RMSEA of <0.06, and a poor fit is indicated by an RMSEA of >0.10 [32] . This is a good fit according the CFI and TLI and an acceptable fit according to the RMSEA. Factor loadings are standardized and are all >0.50 indicating that all items are good or better measures of the factor [32] . Construct reliability was found to be greater than 0.80 and is in the acceptable range [34] . The AVE for each factor was found to be >0.70 for all physics identity factors indicating convergent validity [35] . The AVE for OCSE activities is near the suggested cutoff for convergent reliability of 0.50 [35] . Given the importance of theory in CFA and SEM, this AVE is sufficient [36] . The square root of the AVE for all factors overall is larger than the covariance between factors overall indicating discriminant validity [31] .
B. Structural equation model
The fitted SEM for all students is shown in Fig. 2 and the loadings are shown in Table V . There were 238 missing patterns in the male group and 291 missing patterns in the female group. The final sample size was 2509 for males and 3032 for females. The chi-square for this model was 1373 for the male group and 1633 for the female group, both of which are significant. The CFI was 0.95, and the TLI was 0.95. Both of these fit indices indicate a good fit with values ≥0.95 [32] . The RMSEA was 0.06 indicating an acceptable fit [32] . All paths shown are significant at the p < 0.001 level. Factor loadings are shown in Table V , showing all factor loadings were constrained to be equal, and that the only regression paths that were not statistically different were paths 17, 19, and 20. All other regression paths differed significantly between the male and female groups. Table I shows that men report engaging in OCSE activities to a greater extent than women do, and this difference is significant at the p < 0.001 level. This is true for each item including within both programmed (Q21a, Q21g, Q21h) and everyday settings (Q21d, Q21e, Q21i). This is in contrast to prior results that found men and women participated in STEM programmed settings at similar rates [15, 21] . This discrepancy may arise because the prior work focused on science and math programs and did not include engineering. Activities in programmed settings have been found to impact men and women equally in terms of STEM career interests [15] . Women participating in activities that may lead to physics identity development and career choice less frequently may lead to fewer women pursuing physics careers compared to men. Furthermore, Table II shows that males respond higher on all physics identity items. The difference in men's and women's performance/competence beliefs is larger than can be accounted for by any small differences in measured performance [37] [38] [39] [40] . These differences are also significant at the p < 0.001 level. Finally, Table III shows that men are significantly more likely to pursue physics careers.
VI. DISCUSSION
The CFA model is a good fit indicating that each of the factors measures the intended construct. Additionally, the factors represent the distinct constructs of OCSE activities, recognition beliefs, interest, and performance/competence beliefs. The SEM reveals the relationships between the factors. The physics identity dimensions are related to each other in the same manner as the math identity dimensions are, indicating that this model for discipline-specific identity for general populations of students is likely to apply to other fields as well [26] . The overall indicator of physics identity predicts physics career choice. Recognition beliefs and interest both positively predict physics identity, however performance/competence beliefs on its own negatively predicts physics career choice. This may be surprising at first glance. However, performance/competence beliefs positively predict both recognition beliefs and interest. The effect of performance/competence beliefs are mediated by recognition beliefs and interest, meaning that if performance/competence beliefs are developed in isolation from recognition beliefs and interest, a student is not more likely to develop an overall physics identity. While the direct effect is negative, it is relatively small. Also of note is the dominant role of recognition beliefs. The effect size of recognition beliefs on physics identity is much larger than that of interest on physics identity, underscoring the key role that recognition beliefs play in identity development and career choice. There are several key gender differences in the relationships between the identity dimensions, overall identity, and physics career choice. The only regression estimate that does not depend on gender is in the effect of performance/ competence beliefs on interest. Recognition beliefs, while having the largest impact on overall identity for both men and women, dominate even more over interest in the SEM for the female group. This emphasizes how important recognition beliefs are for women and is consistent with prior work [9] . Similarly, the effect of interest on overall identity is larger for men than for women. Furthermore, overall physics identity has a larger effect on career choice for men than women. So, not only do women have lower physics identities overall, but their physics identities have less impact on their career choice.
The three paths between OCSE activities and each of the identity dimensions are all significant for both men and women with OCSE activities having a larger effect on performance/competence beliefs than on either recognition beliefs or interest. This is concerning given that performance/competence beliefs do not directly impact physics identity. The path coefficients to performance/competence beliefs and interest are the same for men and women. However, the impact of OCSE activities on recognition beliefs is larger for men than for women. Furthermore, this path is only significant at the p < 0.01 level for women rather than at the p < 0.001 level for men. Given the importance of recognition beliefs on physics identity and career choice for women, this indicates that OCSE activities may not accomplish what is needed for women to develop physics identities and enter physics careers even though previous work has found that they do increase STEM career interest in general [15] .
VII. CONCLUSION
In summary, we conducted a confirmatory factor analysis of the three physics identity dimensions along with OCSE activities. Subsequently, we developed a structural equation model showing the relationships of the individual physics identity dimensions to each other and to overall physics identity and in turn physics career intentions. Furthermore, we modeled the effect of OCSE activities on each of the identity dimensions. We found that interest and recognition beliefs directly contribute to overall physics identity, but performance/competence beliefs only have a positive effect when mediated through interest and recognition beliefs, consistent with the math identity model [26] . This consistency suggests that other discipline-based identities can be modeled similarly. Recognition beliefs were found to have the largest impact on overall physics identity, while OCSE activities were found to have the largest impact on the performance/competence beliefs dimension of identity indicating that OCSE activities do not emphasize the most necessary identity dimensions for physics identity development and increasing physics career intentions. Furthermore, OCSE activities do not support increasing the representation of women in physics. Recognition beliefs are significantly more important for women as compared to men in terms of developing a physics identity [9] . However, OCSE activities have a smaller effect on women's than on men's recognition. Finally, men were found to report participating in OCSE activities to a greater extent than women both in programmed settings and everyday activities.
Though the out-of-class activities items are for science and engineering in general rather than for physics specifically, the impact on performance/competence beliefs is large, indicating that there is a strong connection between OCSE activities in general and physics identity. While the results may be different for physics specific out-of-class activities, such activities are rare at the high school level. Emphasizing recognition beliefs is of key importance in OCSE activities and may be related to increasing opportunities for students to acquire agency with physics and become interested in physics careers [9, 18, 20] . Modifying programmed activities to better support recognition beliefs and interest is more practical than modifying everyday activities because everyday activities are generally more removed from the influence of school. However, educators can engage in discussions with parents about encouraging their children as parents are more likely to be aware of and involved in their children's everyday activities. For example, the finding that parents will give more detailed science explanations to boys than to girls [13] may communicate to girls that their parents view helping them become better at science as less worthwhile. Educators can discuss with parents the influence their behaviors may have on girls in physics especially if their child doubts their own capabilities. When planning OCSE activities, care must be taken to ensure that students, particularly women, are recognized as physics people. Based on the forms that recognition takes in high school classrooms [25] , recognizing students in programmed OCSE activities translates to ensuring that activities are not only fun and engaging but also provide challenge. Students need to be provided with sufficient guiding support in these activities.
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This applies to summer programs, clubs, and competitions such as science fairs. Facilitators of OCSE activities should be trained in how to facilitate group activities so that students are receiving recognition both from the facilitators themselves and other students. More work is needed to determine the optimal method for improving programmed activities to better support engagement in physics and subsequently increasing the number of physics majors and the percentage of physics majors who are women.
